A wideband profiled corrugated horn for multichroic applications 
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Abstract — A wideband profiled corrugated feedhorn was 
developed for multichroic applications. This feedhorn features a 
return loss of better than -25 dB and cross polarization peaks 
below -30 dB, over a fractional bandwidth of >50%. Its 
performance is close to that of the ring-loaded corrugated 
feedhorn; however, the design presented is much easier to 
fabricate at millimeter wavelengths. 

I. INTRODUCTION 

F eedhorns are widely used in the millimeter and THz 
frequency bands for radiation coupling. In multichroic 
applications, the feedhorn is required to have low return 
loss over a wide frequency range and its beam patterns should 
be symmetrical in the E- and the H- planes, while presenting 
very low sidelobe levels. A classical design used to achieve 
these design goals is the ring-loaded corrugated feedhorn [1]. 
This type of feedhorn has been made to provide highly 
symmetrical beam pattern with good return loss for a 
bandwidth larger than a full waveguide bandwidth. However, 
the ring structures in these feedhorn are extremely difficulty to 
fabricate, especially for high frequency operation. 

A profiled corrugated feedhorn design is an alternative to 
the ring-loaded feedhorn design. Figure 1 shows the profile of 
our profiled corrugated feedhorn designed to cover two 
separate bands centered on 150 GHz and 220 GHz. The design 
process employed a mode-matching method [2] for the beam 
pattern calculation. The angular responses in Figure 2 were 
calculated from the modal content at the feedhorn aperture by 
matching the boundary conditions and cascading the response 
for each groove section in the feed structure. We used a 
straight flare corrugated horn with a TBS opening angle and a 
variable pitch in mode launching section as the initial input 
profile [3]. The input waveguide diameter of the initial horn 
was 0.804 mm, corresponding to a cut off frequency of 109.24 
GHz for the TE11 mode. We used the Powell method [4] as 
the optimization algorithm to generate the desired profile. 
During optimization, we kept the input waveguide, groove 
dimensions and the total length of the initial corrugated horn 
fixed and constructed new profiles using the natural profile 
method [5]. The slot width was held constant during 
optimization. An insightful discussion of the influence of the 
slot geometry on the cross polarization performance of a 
corrugated feedhorn can be found in [6]. For the final design, 
slot width and period are TBS in units of the feed structure’s 
HE U hybrid wavelength X x [6]. The slot depths range from 

-0.5 X to 0.25 X in the throat to flare section respectively. 

The profile shape, pitch locations in the throat region and the 
aperture size of the horn were free parameters to be optimized. 
We used a similar penalty function as that described in [5]: 



where i is the index for the sum over a discrete set of 
frequencies, j is the index for the sum over penalty function 

parameters and (X. is the j th parameter weight. In our 

optimization, A = 101 (from 140 GHz to 240 GHz, 
A/ = 1.0 GHz) and penalty function parameters are cross 
polarization, return loss and the FWHM of the beam. The 
explicit forms for A^. are: 
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where XP(f), RL(f) and FWHM(f) are the peaks of cross 
polarization, return loss and FWHM of the beam pattern at 
frequency / , respectively. XP 0 = -35 dB , RL 0 = -30 dB and 

FWHM 0 =9.0 deg are the thresholds of the optimization. If 

the cross polarization and return loss are lower than the 
optimization thresholds, they will be omitted from the penalty 
function. 


Profiled Corrugated Feedhorn 



Figure 1. The profile of our profiled corrugated feedhorn. This feedhorn is 
optimized for operation in a 150 GHz and 220 GHz multichroic focal plane. 

II. Results 

Figure 2 shows beam patterns from 150 GHz to 220 GHz. 
This feedhorn is designed to have a FWHM angle of about 9 
degrees at center frequency. The sidelobe level is below -30 
dB and the peaks of cross polarization are below -45. The 
feedhorn beam properties are listed in Table 1. This feedhorn 
has an average antenna gain of about 26 dB and about 45% 
aperture efficiency. Figure 3 shows the peak cross polarization 
level and return loss of the horn between 140 GHz and 240 
GHz. We use Ludwig’s third definition [7] for cross 
polarization and the cross polarization result represents the 
peak values along the azimuthal angle at each frequency. The 
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Cross-Pol and Return- Loss 


plot shows that the cross polarization is below -30 dB over a 
60% fractional bandwidth, while the return loss, which is 
limited by the input waveguide is below -25 dB over a 50% 
bandwidth. This profiled corrugated horn has much better 
bandwidth performance compared to the conventional 
corrugated feedhom and is a strong candidate form wide band 
multichroic applications. 
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Figure 2. The beam patterns of profiled corrugated feedhom from 150 GHz to 
220 GHz. E plane is in blue, H plane is in red, diagonal (co-polarization) 
plane is in black and cross polarization plane is in green. The sidelobe levels 
are below -30 dB and peaks of the cross polarization are below -45 dB. 



Figure 3. The peak cross polarization level and return loss of the designed 
feedhom. Cross polarization is below -35 dB and the return loss is below -25 
dB between 140 and 230 GHz (50% fractional bandwidth). 


III. Discussions 

Compared to the ring loaded corrugated horn, this profiled 
corrugated feedhorn can be fabricated more easily using the 
platelet technique [8]. A large number of feedhorns can be 
made in parallel by milling platelets and stacking them in 
layers. The relative ease of fabrication and its wide bandwidth 
makes it a good candidate for large format multichroic focal 
plane applications at millimeter wave frequencies. 


Table 1. Feedhom Beam Property Summary. 


Frequency 

[GHz] 

Beam Solid 
Angle 
[Sri 

Antenna 

Gain 

rdBi 

Aperture 

Efficiency 

r%i 

140 

0.0490 

24.09 

49.93 

150 

0.0435 

24.60 

48.99 

160 

0.0396 

25.02 

47.39 

170 

0.0361 

25.42 

45.98 

180 

0.0331 

25.80 

44.78 

190 

0.0302 

26.19 

43.94 

200 

0.0278 

26.55 

43.12 

210 

0.0256 

26.91 

42.47 

220 

0.0230 

27.37 

43.08 

230 

0.0209 

27.78 

43.32 
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